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Data acquisition for remote monitoring system and method for remote monitoring 



(57) A remote monitoring system (1 0) has a central 
computer system (40) and at least one data acquisition 
unit (14) for collecting data from a machine (12) to be 
monitored. The data acquisition unit (1 4) includes an on- 
site computer system (20) having a central processor 
(26) and an auxiliary processor (28). The data acquisi- 
tion unit (14) further includes one or more sensors for 



generating a process data signal and one or more sen- 
sors (22,24) for generating a dynamic data signal. The 
process data signal is fed to the central processor (26) 
and the auxiliary processor (28), and the dynamic data 
signal is fed to the auxiliary processor (28). A commu- 
nication link (1 8) connects the central computer system 
(40) and the on-site computer system (20). 
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Description 

[0001] This invention relates generally to remote di- 
agnostic monitoring of rotating machinery such as, but 
not limited to, gas turbines and more particularly to sys- 5 
terns and methods for collecting and analyzing data 
used for such diagnostic monitoring. 
[0002] Gas turbines are used for a variety of applica- 
tions such as driving an electric generator in a power 
generating plant or propelling a ship or an aircraft. In 10 
any application, gas turbines are routinely subjectto var- 
ious maintenance procedures as part of their normal op- 
eration. To aid in the provision of such maintenance 
services, monitoring systems are often employed to pro- 
vide diagnostic monitoring of the gas turbine. These sys- 15 
terns commonly include performance monitoring equip- 
ment that collects relevant trend and fault data used for 
diagnostic trending. In diagnostic trend analysis, certain 
process data (such as exhaust gas temperature, fuel 
flow, rotor speed and the like) that are indicative of over- 20 
all gas turbine performance and/or condition are com- 
pared to a parametric baseline for the gas turbine. Any 
divergence of the raw trend data from the parametric 
baseline may be indicative of a present or future condi- 
tion that requires maintenance. Such data can be re- 25 
corded locally and accessed later by maintenance per- 
sonnel or, alternatively, can be transmitted to a remote 
location so that a number of gas turbines can be remote- 
ly monitored at a central site. 

[0003] Gas turbines, like all rotating machinery, are 30 
subject to vibrations due to causes such as rotor imbal- 
ance, misalignment of components, and worn or defec- 
tive bearings. Thus, it is useful to monitor vibration and/ 
or other dynamic gas turbine data in addition to the static 
gas turbine process data discussed above. However, 35 
transmitting dynamic signal data from the field units to 
the central site in a remote monitoring system can be 
difficult. At present, remote monitoring of process and 
dynamic data is typically accomplished by using two 
computers on-site: one forcollecting and processing the 40 
dynamic data and another for collecting and processing 
the process data. 

[0004] One drawback with this approach is the cost of 
providing and maintaining two separate computers. An- 
other is an inability to analyze the dynamic and process 45 
signals in atimecoherentmanner. When analyzing such 
data, the ability to review the dynamic and process sig- 
nals on a simultaneous or time coherent basis provides 
a better understanding of the overall gas turbine condi- 
tion. But the current two-computer system does not pro- 50 
vide for time coherent review. 

[0005] Accordingly, it would be desirable to be able to 
remotely monitor dynamic and process signals at the 
same time using a single computer system. 
[0006] The above-mentioned need is met by the 55 
present invention which provides a remote monitoring 
system having a central computer system and at least 
one data acquisition unit for collecting data from a ma- 



chine to be monitored. The data acquisition unit includes 
an on-site computer system having a central processor 
and an auxiliary processor. The data acquisition unit fur- 
ther includes a means for generating a process data sig- 
nal and a means for generating a dynamic data signal. 
The process data signal is fed to the central processor 
and the auxiliary processor, and the dynamic data signal 
is fed to the auxiliary processor. A communication link 
connects the central computer system and the on-site 
computer system. 

[0007] The present invention and its advantages over 
the prior art will become apparent upon reading the fol- 
lowing detailed description and the appended claims 
with reference to the accompanying drawings , in which: 

Figure 1 is a schematic diagram of a distributed re- 
mote monitoring system. 

Figure 2 is a block diagram showing a portion of the 
remote monitoring system of Figure 1 in greater de- 
tail. 

[0008] Referring to the drawings wherein identical ref- 
erence numerals denote the same elements throughout 
the various views, Figure 1 shows a distributed remote 
monitoring system 10 that is capable of continuous di- 
agnostic monitoring of rotating machinery 12 located at 
geographically dispersed locations. In the illustrated ex- 
ample, the rotating machinery 12 comprises a number 
of gas turbines that may be located in different power 
generating plants or on different ships or aircraft. How- 
ever, the rotating machinery 12 is not limited to gas tur- 
bines and can be any type of machinery having rotative 
components such as compressors, pumps, blowers and 
the like. 

[0009] A separate data acquisition unit 14 is associ- 
ated with each rotating machine 1 2. The data acquisition 
units 14 collect data from the corresponding machines 
1 2 and transfer the data to a central monitoring station 
16 via respective communication links 18. In one em- 
bodiment, the data is processed at the data acquisition 
units 14 and analyzed at the central monitoring station 
16. The communication links 18 can be any type of 
transmission link such as, but not limited to, telephone 
lines or the Internet. 

[0010] Turning now to Figure 2, a portion of the re- 
mote monitoring system 10 (i.e., the central monitoring 
station 16 and one of the data acquisition units 14) is 
shown in greater detail. The data acquisition unit 14 in- 
cludes an on-site computer system 20, one or more 
process data sensors 22, and one or more dynamic data 
sensors 24. The process data sensors 22 communicate 
with the machine 12 to be monitored to sense process 
data that are indicative of the overall performance and/ 
or condition of the machine 12. The process data sen- 
sors 22 can be any type of performance monitoring 
equipment, instrumentation or equivalent means capa- 
ble of sensing the machine process data. In the case of 
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a gas turbine, the process data sensors 22 would ordi- 
narily be incorporated into the gas turbine control sys- 
tem. Examples of typical process data monitored for a 
gas turbine include, but are not limited to, exhaust gas 
temperature, fuel flow, rotor speeds, compressor dis- 
charge pressure, turbine exhaust pressure, and the like. 
The dynamic data sensors 24 communicate with the 
machine 1 2 to sense dynamic data (such as but not lim- 
ited to vibration data) which relate to the operation of 
the machine 12. When monitoring vibration data, the dy- 
namic data sensors 24 would be of the type that convert 
mechanical motion or energy into electrical signals. For 
example, the dynamic data sensors 24 may be proximity 
probes, accelerometers or any means for sensing vibra- 
tions. 

[0011] The on-site computer system 20, which can be 
any type of computer system such as a PC, includes a 
primary or central processor such as a central process- 
ing unit (CPU) 26, an auxiliary processor 28 and an on- 
site database 30. The process data sensors 22 generate 
process data signals that are fed to the CPU 26 via an 
interface 32, which may be a standard RS/Ethernet in- 
terface. The process data signals are also fed to the aux- 
iliary processor 28 via another interface 34, which may 
be an analog coaxial cable. The dynamic data sensors 
24 generate dynamic data signals that are fed to the 
auxiliary processor 28 via an interface 36, which may 
also be an analog coaxial cable. 
[0012] The CPU 26 processes the inputted process 
data signals to permit diagnosis and prediction of per- 
formance related issues for the machine 12 (a process 
commonly known as trending). Specifically, appropriate 
trend parameters are calculated from the raw process 
data signals, and signals representative of the calculat- 
ed trend parameters are stored in the on-site database 
30. The trend parameter signals are also transmitted to 
the central monitoring station 1 6 via the communication 
link 1 8. The trend parameter signals are viewed at the 
central monitoring station 16 and compared to a para- 
metric baseline for the machine 12 to detect symptoms 
indicative of a need for inspection or maintenance. That 
is, a divergence of the trend parameter signals from the 
parametric baseline may be indicative of a need to in- 
spect and/or service the machine 12. The parametric 
baseline is generally empirically derived or generated 
from a model of the machine 12. 
[0013] The auxiliary processor 28 processes the in- 
putted process data and dynamic data signals to gen- 
erate an amplitude spectrum that represents the dynam- 
ic data. For example, if the dynamic data sensors 24 
sense machine vibration data, then the auxiliary proc- 
essor 28 would generate a vibration amplitude spectrum 
for the machine 12. The amplitude spectrum is stored 
in the on-site database 30 simultaneously with the trend 
parameter signals. The amplitude spectrum is also 
transmitted to the central monitoring station 16 via the 
communication link 1 8 for viewing and analysis. As will 
be described in more detail below, the amplitude spec- 



trum can be viewed in real time along side the trend pa- 
rameter signals. Like in the analysis of the trend param- 
eter signals, the amplitude spectrum is compared to a 
baseline to diagnose and predict maintenance issues. 
5 For instance, the amplitude spectrum could represent a 
vibration amplitude spectrum that would be compared 
to a previously obtained, benchmark vibration signature 
for the machine 12. 

[001 4] In one embodiment, the auxiliary processor 28 
10 is an expansion board that is inserted into an expansion 
slot of the on-site computer system 20. The expansion 
board 28 includes a signal analysis algorithm, such as 
a fast Fourier transform (FFT) algorithm that performs 
the processing of the inputted process data and dynam- 
os jc data signals. More specifically, the expansion board 
28 takes the dynamic data signals from the dynamic da- 
ta sensors 24 into an analog-to-digital converter. These 
signals are then compared against the output of remote- 
ly configurable tracking filters to obtain the amplitude 
20 spectrum. The tracking filters use the process data sig- 
nals from the process data sensors 22 and permit pre- 
determined frequencies of the machine 1 2 to be isolated 
for analysis. For example, if the machine 12 is a gas 
turbine, then thefilters could be used to track the primary 
25 frequency, which is a function of the turbine rotor speed, 
of the gas turbine 12. Generally, there is a maximum of 
four filters per channel. The expansion board 28 could 
be an off-the-shelf product such as the BN4000 Proces- 
sor board commercially available from Bridgenorth Sig- 
30 nal Processing, Inc. of Blaine, Washington. 

[0015] The on-site computer system 20 includes an 
interface software application 38 for providing an inter- 
face between the CPU 26 and the auxiliary processor 
28. The interface software application 38 allows the am- 
35 plitude spectrum (or a subset thereof) to be transmitted 
and viewed on a time coherent basis with the trend pa- 
rameter signals. Thus, the trend parameter signals and 
the amplitude spectrum can be viewed on the same 
screen at the same time. Specifically, the trend param- 
40 eter signals and the amplitude spectrum are both trans- 
mitted to the central monitoring station 1 6 via the com- 
munication link 18. As seen in Figure 2, the central mon- 
itoring station 1 6 includes a central computer system 40 
and a central database 42. A display 44 is associated 
45 with the central computer system 40 for displaying the 
trend parameter signals and the amplitude spectrum. 
[001 6] In one embodiment, the interface software ap- 
plication 38 is a modification of the Cimplicity data 
processing software available from GE Fanuc Automa- 
te tion North America, Inc of Charlottesville, Virginia. Cim- 
plicity software is an application that takes in data, logs 
the data into a database, and permits the data to be dis- 
played for visual review. The software application used 
in the present invention is modified so as to first convert 
55 the data processed by the auxiliary processor 28 into a 
form that is compatible with the Cimplicity-based inter- 
face software application. The interface software appli- 
cation 38 then causes the converted form of the ampli- 
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tude spectrum to be displayed (on the display 44) for 
visual review in the same mannerthat standard Cimplic- 
ity software displays data. 

[0017] As mentioned above, the trend parameter sig- 
nals and the amplitude spectrum are stored in the on- 
site database 30. The trend parameter signals and the 
amplitude spectrum, upon transmission to the central 
monitoring station 1 6, are also stored in the central da- 
tabase 42. Thus, the display 44 can display real time 
data or data retrieved from the central database 42. 
Generally, the trend parameter signals and the ampli- 
tude spectrum are logged into the on-site database 30 
at a high rate (such as once per second) and are logged 
into the central database 42 at a lower rate (such as 
once per minute). The trend parameter signals and the 
amplitude spectrum are logged into the central data- 
base 42 at a lower rate because the data is being trans- 
mitted from the on-site computer system 20. A high rate 
of storage would require an enormous amount of data 
transmission. The trend parameter signals and the am- 
plitude spectrum can be stored on the on-site database 
30 at a higher rate because of its proximity. Storing the 
trend parameter signals and the amplitude spectrum on 
the on-site database 30 provides high resolution data 
that can be accessed as needed. For instance, if there 
is a machine malfunction or other event in which high 
resolution data is needed to resolve the problem, then 
the high resolution data can be accessed from the on- 
site database 30. The high resolution data is typically 
maintained on the on-site database 30 for a set period 
of time, such as 1 0 days. 

[0018] The foregoing has described a remote moni- 
toring system that uses a single computer for data ac- 
quisition and provides time coherent display of process 
and dynamic data. Use of one computer system to ac- 
quire data reduces the overall cost of the monitoring sys- 
tem. Being able to review trend parameter signals and 
an amplitude spectrum on a time coherent basis pro- 
vides a better understanding of the overall machine con- 
dition. 

[0019] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses: 

1 . A data acquisition unit (14) for a monitoring sys- 
tem (10), said data acquisition unit (14) comprising: 

a computer system (20) having a central proc- 
essor (26) and an auxiliary processor (28); 
means (22) for generating a first data signal, 
said first data signal being fed to said central 
processor (26) and said auxiliary processor 
(28); and 

means (24) for generating a second data sig- 
nal, said second data signal being fed to said 
auxiliary processor (28). 

2. The data acquisition unit (14) of clause 1 wherein 
said central processor (26) processes said first data 



signal to generate trend parameter signals and said 
auxiliary processor (28) processes said first and 
second data signals to generate an amplitude spec- 
trum. 

5 

3. The data acquisition unit (14) of clause 2 wherein 
said amplitude spectrum is a vibration amplitude 
spectrum. 

10 4. The data acquisition unit (14) of clause 2 further 
comprising a database (30) that stores said trend 
parameter signals and said amplitude spectrum. 

5. The data acquisition unit (14) of clause 1 wherein 
15 said auxiliary processor (28) is an expansion board 

(28) inserted into said computer system (20). 

6. The data acquisition unit (14) of clause 5 wherein 
said expansion board (28) includes a signal analy- 
se sis algorithm. 

7. A system (1 0)for remotely monitoring at least one 
machine (12), said system (10) comprising: 

25 a central computer system (40); 

an on-site computer system (20) having a cen- 
tral processor (26) and an auxiliary processor 
(28); 

means (22) for sensing process data related to 
30 said machine (12), said means (22) for sensing 

process data generating a process data signal 
that is fed to said central processor (26) and 
said auxiliary processor (28); 
means (24) for sensing dynamic data related to 
35 said machine (12), said means (24) for sensing 

dynamic data generating a dynamic data signal 
that is fed to said auxiliary processor (28); and 
a communication link (1 8) between said central 
computer system (40) and said on-site compu- 
te ter system (20). 

8. The system (1 0) of clause 7 wherein said central 
processor (26) processes said process data signal 
to generate trend parameter signals and said aux- 

45 jiiary processor (28) processes said process data 
and dynamic data signals to generate an amplitude 
spectrum. 

9. The system (1 0) of clause 8 wherein said ampli- 
50 tude spectrum is a vibration amplitude spectrum. 

10. The system (10) of clause 8 wherein said on- 
site computer system (20) includes an on-site data- 
base (30) that stores said trend parameter signals 

55 and said amplitude spectrum. 

1 1 . The system (1 0) of clause 1 0 wherein said cen- 
tral computer system (40) includes a central data- 
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base (42) that stores said trend parameter signals 
and said amplitude spectrum. 

1 2. The system (1 0) of clause 1 1 wherein said trend 
parameter signals and said amplitude spectrum are 5 
logged into said on-site database (30) at a first rate 
and are logged into said central database (42) at a 
second rate, said first rate being greater than said 
second rate. 

10 

13. The system (10) of clause 8 wherein said central 
computer system (40) includes a display (44) for 
displaying said trend parameter signals and said 
amplitude spectrum together on a time coherent ba- 
sis, is 



supplying said second signal to said auxiliary 
processor (28). 

1 8. The method of clause 1 7 further comprising: 

using said central processor (26) to generate 
trend parameter signals from said first signal; 
and 

using said auxiliary processor (28) to generate 
an amplitude spectrum from said first and sec- 
ond signals. 

1 9. The method of clause 1 8 further comprising dis- 
playing said trend parameter signals and said am- 
plitude spectrum together on a time coherent basis. 



1 4. The system (1 0) of clause 7 wherein said aux- 
iliary processor (28) is an expansion board (28) in- 
serted into said on-site computer system (20). 

20 

1 5. The system (1 0) of clause 1 4 wherein said ex- 
pansion board (28) includes a signal analysis algo- 
rithm. 

1 6. The system (1 0) of clause 7 further comprising: 25 

a second on-site computer system (20) having 
a second central processor (26) and a second 
auxiliary processor (28); 

second means (22) for sensing process data 30 
related to another machine (12), said second 
means (22) for sensing process data generat- 
ing another process data signal that is fed to 
said second central processor (26) and said 
second auxiliary processor (28); 35 
second means (24) for sensing dynamic data 
related to said another machine (1 2), said sec- 
ond means (24) for sensing dynamic data gen- 
erating another dynamic data signal that is fed 
to said second auxiliary processor (28); and 40 
a second communication link (1 8) between said 
central computer system (40) and said second 
on-site computer system (20). 

17. A method for remotely monitoring a machine 45 
(12), said method comprising: 

providing an on-site computer system (20) hav- 
ing a central processor (26) and an auxiliary 
processor (28); 50 
generating a first signal that is representative 
of process data related to said machine (12); 
generating a second signal that is representa- 
tive of dynamic data related to said machine 
(12); 55 
supplying said first signal to said central proc- 
essor (26) and said auxiliary processor (28); 
and 



Claims 

1. A data acquisition unit (14) for a monitoring system 
(10), said data acquisition unit (14) comprising: 

a computer system (20) having a central proc- 
essor (26) and an auxiliary processor (28); 
means (22) for generating a first data signal, 
said first data signal being fed to said central 
processor (26) and said auxiliary processor 
(28); and 

means (24) for generating a second data sig- 
nal, said second data signal being fed to said 
auxiliary processor (28). 

2. The data acquisition unit (14) of claim 1 wherein 
said central processor (26) processes said first data 
signal to generate trend parameter signals and said 
auxiliary processor (28) processes said first and 
second data signals to generate an amplitude spec- 
trum. 

3. The data acquisition unit (14) of claim 1 wherein 
said auxiliary processor (28) is an expansion board 
(28) inserted into said computer system (20). 

4. A system (1 0) for remotely monitoring at least one 
machine (12), said system (10) comprising: 

a central computer system (40); 
an on-site computer system (20) having a cen- 
tral processor (26) and an auxiliary processor 
(28): 

means (22) for sensing process data related to 
said machine (12), said means (22) for sensing 
process data generating a process data signal 
that is fed to said central processor (26) and 
said auxiliary processor (28); 
means (24) for sensing dynamic data related to 
said machine (12), said means (24) for sensing 
dynamic data generating a dynamic data signal 
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that is fed to said auxiliary processor (28); and 
a communication link (1 8) between said central 
computer system (40) and said on-site compu- 
ter system (20). 

5 

5. The system (10) of claim 4 wherein said central 
processor (26) processes said process data signal 
to generate trend parameter signals and said aux- 
iliary processor (28) processes said process data 
and dynamic data signals to generate an amplitude 10 
spectrum. 



using said auxiliary processor (28) to generate 
an amplitude spectrum from said first and sec- 
ond signals. 

10. The method of claim 9 further comprising displaying 
said trend parameter signals and said amplitude 
spectrum together on a time coherent basis. 



6. The system (10) of claim 4 wherein said auxiliary 
processor (28) is an expansion board (28) inserted 
into said on-site computer system (20). is 



7. The system (1 0) of claim 4 further comprising: 



a second on-site computer system (20) having 

a second central processor (26) and a second 20 

auxiliary processor (28); 

second means (22) for sensing process data 
related to another machine (12), said second 
means (22) for sensing process data generat- 
ing another process data signal that is fed to 25 
said second central processor (26) and said 
second auxiliary processor (28); 
second means (24) for sensing dynamic data 
related to said another machine (1 2), said sec- 
ond means (24) for sensing dynamic data gen- 30 
erating another dynamic data signal that is fed 
to said second auxiliary processor (28); and 
a second communication link (1 8) between said 
central computer system (40) and said second 
on-site computer system (20). 35 

8. A method for remotely monitoring a machine (12), 
said method comprising: 

providing an on-site computer system (20) hav- 40 
ing a central processor (26) and an auxiliary 
processor (28); 

generating a first signal that is representative 
of process data related to said machine (12); 
generating a second signal that is representa- 45 
tive of dynamic data related to said machine 
(12); 

supplying said first signal to said central proc- 
essor (26) and said auxiliary processor (28); 
and 50 
supplying said second signal to said auxiliary 
processor (28). 



9. The method of claim 8 further comprising: 

55 

using said central processor (26) to generate 
trend parameter signals from said first signal; 
and 
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